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NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in comnection with a definltely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
- ment mey have formulated, furnished, or in any way
supplied the sald drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.
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"o ' ABSTRACT - .

T B - 1N

o

Experimentﬁ were carried cut to anestlgate the phenomenon Jf crogs=- "
protection among Venezuelar eguine encephalomyelitts (VEE,, EBastern equins
encbphalomyelicis (EEE) and Lehlikl Forest (SF) viruses in a varlety of
laboratory animuals after irmurization by the in:rapefitoneal( subcutaneous,
or-respiratory route; the last was effected by expoaing the animals to
aeross‘a,of virus. One injection of an attenuated strain of VEB (9t} pro--
.tected guinea pigs against a lethal challengé dose of EBE .or 5% virus in
guinea pigs and mice, respectively, Two injections of live SFP virus o v
protected guiney-pigs against small doses of VEE or EEE virus. Mice vacei- #
nated with 9t rapponded by demonstrating resistance mechanisms that'ap-

‘peared to cperate.in series. This 'conaisted: of, - first, an ear&y nonapectfic‘ -
‘interferene phnce, followed by a second, specific phase. The second )
_ phase also h-cluded s partially she {fic mechanism of resistance of un- .
Uknounaorigin and of relltively long dnration, mnnxigsted as croas- protectiqn
in the group A v?.ruus. ° - ) - ‘ 8 RN _ s
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A ‘vjziu‘s shAms C .- S

- cutaneous (SC) route., .Mice received maximum doses of 10
" pigs ID* 4 MICLDsg. of 9t by the respiratory route, using a metfod de--

L.  INTRUDUCTION

o

E
(O

An attenuated strain of Veneaueian equine enceohalomye11t1> (gZﬁ) viru:}

was. recently isolated and described.® When this strain (8t) was used as an
frmunizing agent, it was found to.induce not only a sclid resistance in
lahoratory animals against a challenge with homologous viruvlent strains it
aldo an immunity against the hetervlogous Edstern equine encephalomyelitis
k(EEE) virus to a; substantmal degre‘:e.rav3 The latter oceurred witheput evi-
dence of cross-neutrallzing antibody." T oIn this report, further investigag-
ticns designed to characterize: the crouss-protective phenomenon are de- ’

scribéd. Attention was given to the time.of oaset, the .level, and tne

peraistence of the acquired homolcgous and ﬁetezOIOgoue immunity.

i 0w
=

The at:enuttad,vzs vxrus, 9t, uaed to {orunize mice, guinea~ﬁlgg, or

,thenus uonkayn, the virulent VEE seeds designated PES and CES, anq the- BEE

virus aaedc "have been described elaevhcref1 3 SemlikiA?oreat (SF)“virus*

was obtainad froarnr H P. Allen of this laboraterz . o S S S
ny VIIUS IHHQBIZH%IGK>” ST B G

“0

\*( ~

injected with ‘10
and guinea ;

scribed pr!vinuslv. - Monkeys received 103:2. HICIDSO of 9t by ;he

.Fespiratsry route in the ghme manner. Immynizations wich EEE -and SF .

viruaea were carried“out by injecting approximately lQ, rand 105'8 HlCIDSO
of sach ltrlin, respact1VE1y, by the IP route. - R .

S = . EY

g vmus,cxmms N 4

Challenge dosas of virus were ﬂuﬂinistered ta immuntized guinea pigs
21ty 25 daye post-imsunization. Eight additional days were allowed n
iustancoo in hich o sowvend challongo wds omploydd. Cuntrols consisyed
of untsmuniged aniwals that came from the gewe groop-as those that were
{imunized. The numbef - of’MICIDSO n each challenge was selected to.

P

PO .

Tvelve- ‘to fguztaen-grla mice and 200- :0“300-§rnm guinen pigs ve;e'b‘w .
MICLDsq ©f 9t by the-intraperitonesl (595 or sub-- i

=l N

* This strain, Sen MB, was obtained through the courtesy of Dns H,H.

gngggggkifaad.itéj §n¥.r,Agég,lg;wx;stnxatQ3;§§1”§% A,Jﬂ,gg{”cag§ gnu3a;77;7
brain preparation. It hed récélved thzee addieional brain passagea in

this laboratory prior to use,

o < . i B
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o carripd out in a modifiedfﬂenderson Apparatus as deseribed previously.

.~ ware highly nuscﬁptiblo to 1n£oct£onl with tha virulent VEE virus strain
- administered eithcr by~ injsction or. by exposuts to :grouols. §ylptoua in
-—~guinea pigs tncltided a febdrile Tesponse wi:hinnlﬁ’:o’26 hours ; follgwad by

(o3
I

demonstrate the maxlmum or near-maxinun dose that cgu*d be withstaod after
immunization, except for the challenge dose of 10° MICLDsn of [ES given
by the inttacerebral IIC) route to monkays that were immunized by 9t aserosols,
Virus chaglanges werg carrfed out in mfce immunized with 9t by titrating
PEa, EEE, or" vach&1a virus (THD strain) at varioua intervals, Challenges

1th vaceinid vifus were given only by the IC route, PES and EEE viruses » .
were adm{nistered by aithet the “fC-or IP route. All aernsol exposures WeLG:. e

1%

v 4 ¢ ;’._.‘._ o ) I11. ‘ TS

‘A, RESPONSE IN ?'*vmm pms T0 vzz xu OR S VIRUS S
"The data 4n ?Abla i’(linn: ‘I 4nd 2) reveal that nqrnnl guinen piga ' ml

prostyation and jnth within severai-days. - Oné hundred. iucm,Q given by -
the IP or 8C routh was sufficient to elicit. a typical respense, Thojrn
‘responss to 443 igruoégn 1ine 3 differed, hounvcr, n-that 10 :Ei 9!?&
. necessary £0 indute a fatal illness, which was preceded in chc aﬁie
cases by s diphnqlc Lediperature responss; the pockc occutred at. 24 to
hours and-again bbtvton 72 and ¥120 hqurs. “In contrast to the aquihe’
onc.pﬁlloaytlitil,virulcu, ) & vituineither cauped & fedrile nor a. lcthal :
response in’ gcinod pigs. ‘In this host, therefors, sF virusoWss suitable
only for limited use a&s s ivn-iﬁaunizing antigan,” Hicczﬁtgs ‘used for-
testd® {n which it was necdasary to uanOy sr vitﬁi io a’Jethal ngon:."

These otudioo e ﬁfocugi&d bclou. S ‘ f.‘afchF L L
] o PR 1‘\‘ S /’// - ’f; | > U('{‘ E “ ..'u:
- B, IHHUNIZATIGN WITH AITKHUAI!D VEE VIRUS 7“\; o

Aléghgwn tn Tgblu 1 (Yines 5 and- 6), guinea giga re:pondcd to the I¥F
or SC's ntntitratia“ of 1034 H!CLDSQ, or to an Heérosol.exposire to 1044

HICLDso of 9t, by abbvtng only & fedrile rogponlt. These animals ware . 4 .

. fouind subsequently ao be ifmpmung to ch&llenges with a large lethal dose

of the virulent homologous strain. FgS challcnge failed to elicit any
clinfcal sfgns of 11inass when adminittered by efther the XP or rclpirl-
~tory route (Table I, iinea Ta, 83, and Bb). s

Iumunizatien of guinﬂa nigs with 53t adtered significantly ths coursa
of illnees after a cnalleﬁge with BEE virus, Amony vniuv.uniuod ceatwol
_animéls, 72 per cent (“6/36) showed a typical dipﬁasic febrile response
and succumbed. Only 14,2 per cent (5/35) of the animals fmmunired with
" 9t showed .a diphaaic febrile'puétern and-dnly 5.7 per cent (2/35) sue-
cumbed Crabxe I, lire 7b) Approximately 68 per ceﬂt Izﬁ/:v) axh{b(ted
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a slanle temperature_elevation and 17.1 per cent (6/35) showed no clinienl

signs. This nodifled effect was found to be wmore -proncunced in the 9¢-. |

immunized animala (line 7¢), which had roeeived ¢ sedond antigenic stimu-
lus in the form of a challenge vitn 2he virulent PES prior to a challenge
with EEE virus, -

Tmmunirzation with 9t by the vespiratory route (line B8e¢) produced essen~
tially the same wmodified cffect on EEE vlrus disease as when the IP or SC
route was employad., In this case as well, the result was the conversion
from a lethal, diphasic febrile reaponse to & nonlethal monophasic febrile
response. . v A :

o

Tmmunization with St also protected mij dgdznst large lethal ﬁoses of

_SF yirus. These data appear in Table II and are discussed in greater de-

Tahle. I (lifies 10a and 118), one injection of 10°°

rail in the gection dealing with the {mmunization £o SF virus,

— <

= i m
*Other data.related to thd%e preibnted above but not’ shown in Table- I
concern the reaponae of monkeys to & ‘lathal dose of V!Ervituq‘aften)in-,x

‘mnngzatxon by the roptrator? route, Exposure of these animalgto peroools

of '4cH101n50 of the 9t strain afforded complete protection against

“105 HICIDSQ of a_lathal VEE strain (CBS) given- Ingracerebrlily.q None of _

the .four uonkeyu treated in this manner succumbed. " In contrast, .two un-

“° veccinated. control nonkeys doye&oped illnens und diéﬁ within seven days

. -post-challenge. - = ) Coe . o T
a3 Go T L « v < - ’ . ae < i T ) : )
<G n‘w:uuum mﬁ EEE VIRUS - T P

. o "

Guipqa pigs Jire iu-nni:ed with EER virus, adainiatorins large buc o

nonlethal doses ' 6f virus by thc IP route. --This was followed by IP chai:

~“lenge with the virulent VEE virus ;trnin and, as |n|n in Tabko ! “iine 9.,
roculcod {in a fsbrtlo _Tesponse: without lochaltty. L T

b3 w1
W °

= e

l(l ‘ ’ ’ 3. ": - o ) ‘ r\\f-ﬁ,

D.. I).IURIZATIW WITH SP VIRUS -

As indtclted elrlicr, lirge ﬂoaea of SF virus by the IP xeute fliled
-to-elicit” lnyLdeteccabIb clinical response in guinga pigs. " in
KICLDgp also failed to
protéct thess animals against minimai lethal doses of either VER or EBE

“virus, A second.injectlon of SF virus,éhdhever? elicited a siight degree

of resistance to the heterologous viruses, manifelted by a reduction of

. the mortality rate with VEE virus from 90 to 20 per cent and from 60 per

cerit to no deaths with REE virus fcllowing & challenge with a low dose of

‘g{ther agant, {(Itnes 10h asnd 1in),

In Table'II the resulfs of cross-resistance studies between SF and 9t .

“in oice and guinea,pigs are compared. 4As mentioned preVIOJBIy, the fact
"hpt SF virus-elicited no clinical response in guinea- pigs necesgitated

the uae of mice as hosts that could be leahally infected with this agent.

o
o

©Cu




[So I

Mice immunized with 9t were protected selidly against 166 MICLDyg of SF
virus and, despite the poor ilumunogonic rosponsz of guines pigs to SF
virus, it was possible to demonstratc that they were pfotected apainst
approximately 100~fold-greater VEE virus challenge than the donimsaunized

anlmals, ‘
. . o ,
TABLE II. CROSS-RESISTANCE T MICS OR CUINEA PIGS VACCINATED WITH
ATTENUATED (9t} VEE OR ST VIRUS 70 VIRULENT VFK (P"S) OR HF VIRUS

= g

Challehge SF Immuntzed Vonxmmurizpd g¢ mmupized; Nom~ Protactive
Virus Guinea Pigs-/ Guinea Pigs Mice/ ¢ {rmunized Index%/:
i : L Mice,
ms 1.8 9.1 L o, 1.8
se | | 4 8.2 . 6a

Py ’ R -
Toa. I-nunizltion was two dones of 10S 8 HICXD given irtraperitoneally -
' geven days apart. One dose failed to eitcit any protection against ’
: the challenge virus. . L
o b. Immunizarion dose was 104'4 HICXDSO given 1ntrAperitoneally.
- ‘e. Diffsrence in number of LDSO resisted by imniniged and- noninmmnized
- Lo nni-nla. .

2. TDE OF ONSET, LEVEL, PERSISTENCE OF DEWNITY INDLCED BY 9t IN MICE

w0 °  As seen in Figure }, 24 hours after the IP administration of 9t to
“mice, resistdnce to VEE and EEF virusea, given as 84 chgllengea, wag weil
developed. Resistance to BER virus remained at”approximately.the same
level until the seventeenth day. Subsequent tests not represented in
Figure 1 have revesled that this level of reglstanue was present alsu
. at day 60, Resistance to VEE virus increased to a state of maximum {m-
T2 munity by day 3 and wag found to persist at least ten months. "

After IC challenges, resistance to EEE virus reached a peau at day 3
_ and® remuined at approximately the same level thnreafter. Resistance to
- VEE virus, however, which equalled that of EEE virus at day 3, rose sharphky
‘to & paak at day 5, at which time the level of. the resistance to the VEE
chailenges made by either the IC or TP route appeared to be ntarly co*parable.
'A peak of resistance tc vaccinia virus was attained at day 3 and was followed
by a pharp doclina. Hocaupse vaceinia was nonlethal by othor than the I8
route, no attempt was made to study its infeetivity by petipheral routes in
miee immunized with 9¢t, - o :
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= 1V, DISCUSSION

- A con51d=rat;on of the current t\-aenre. together with that preseﬁteu
previously,” iadicates that the phenomenen of cross-protection among VER,
EEE, and SF viruses can be induged in a variety of laboratery animals
- after {mmuinization by the IP, SC, or respiratory roure. The cross-pratection
' © was reciprocal among the stralns tested. Conceivably, immunization with-a
1ive-virus vaccine prepared with one agent might be expected to elicit a
_ durable protective effect that may reduce the virulence of other -infectious-
J . - ageuts within the group A arthropod-borng viruses., Thxs seems especxalxv
 pertinent in view of a reeent communication by Alleﬂf who success;ully'
i ) ' protected mice against a ‘wide variety of group A virusés using a numbé* of-"
© seleoted viruses ag. 4mmunizing agents, : A i

(&3

o 1 Ag might be expected houever, the differences axzong the leveld of the -
o protec{ive fesponses were, found to vary depending upon whether the antigen-'
A v?r&l challenge system was homologous or heterologous. Immunized animals
were capaéﬁe of withstanding far- greater chellenge ‘doses of nomologous
o ﬁgrgs»th;n of heterdldgous virus. In cases where lethality did not ocecury . T e
thii"cbuld be readily demonhstrated when -the febrile response was. uséd aé - f” o
. . an ;nd*cator of infection. For example, guinea pigs that were-immunized . s
e 3 with 9¢- nndmchallanged with-a virulent strain of VEE®(PES) failed to show -
%7, 'ahy detectable evidence of infection. In contrast, when animaISoimmunized )
v 7 with .9t .were challenged’wifh BEE virus, a limitéd infection ensued. A .
~moncphasic febrile respénse that occurred shortly aftér challenge usually SRS
rsplaced the typical diphasic type of response. Febrile responses were Teow
nlao found in !!B-vaccinatcd guinea piga chtllenged vith VBB vizua. - e >,

& -
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Differoncel lnong the leveln of- iunmﬁt responses were found to be e e

.. : ‘f depsndent not only upon the agent employed for challenge but also upon .

Y

- dift;r:nt protective mechanisms that were 3timulatéd™in the host. For B
- axample, - the data obtained by challenging mice at various intervals-post- S :
% < vaccination with 9t suggest the presence of at least two mechanisms of - N

LT f”theniatance thlt ~opsrated in sequence, One of :heae, a,nonspecific re- - . .
iintuncc, vhtch oAy be |1u111r to that recently déscribed by Traub, &
app.arad to be largely, if not entirely, resporisible for the resistance
of mice to VER, EEE, and -vaccinia viguses during the early post-immunization -
interval. Thia is most clearly delonstrated by the .response of {mmunized
anizalsto s challenge with the completely unrelated vactinia“virus. Mice
resisted this virus most successfully at day 3 and then showed a rapid B

C.return to. susceptibility. This may be due-to the presence of a Eighly '

avirulent forw of the immunizing virus, which has been detected up to 96
hiours in the brains of 9t-{mmunized mice.® Such a particle may have
blocked attachment sites and/or elicited interferon-like substances that
‘were capable of Imparting a protective effect for short durations, The
sacond, a apacific reulotance, wou wmost reodily dewonstrated, starting
after 48 hours 4n the case of an IP challenge and 72 hours in the case of
an IC challenge, at which times the resistance of mice to VEE virus rose
shatply to a degree of maximum innumity. This rdughly coincided with the
detection of specific neutralizing antibody, which has been observed five

- to seven days after\waccination.a .
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. That portion of the aeCOﬂd mechanlam that was LFVOzVed in the persis-
tent resistance to FEE virus is the least understood. Early post-vacciral
resistance to this virus was demcnstrable, However, after the third day,
unlike the pattern of resistance to vaccinia virus, which showed a decredse,
or to VEE virus, which showed an increase, the resistapce of mice to EEE
virus persisted at a-constant level in the case of eicF@r an IP or an IC -

challenge. The data suggest that a partialispecificity was inveolved, :
since resistance to EEE persisted bevond that of vaccinia virus, Horeéver,
the fuct that the level of resistance to EEE did not vary after 72 hours.
suggests, in this csse, that a single persistent mechanism mey have been
responsible. Previous studies have failed to disclose any Lrose-ﬂeurralizing

. ianfibody.Af‘: Possiblv a nonlethal -particle, biologically gimilar to the <% .

. © - provirus postulated by Traub’ may have established a “cell-associated"
: " crbss-résistance mecﬁanism that cannot be accounted for-in terms of circu- -
o f'Lating aﬁtibodv but is readily demonstrable upsh & challenge with heterote- . -
- _gous vixg@. In such-a situatior, the live-immunizing virus itself mightt = -
~ “ ~begome latently established within _strategically located cells, i.e.,-c€lls- i
T tbétfmighL be within the normal line of attack by the chalfenge virus but ° = °

N prot; ted by,the cell-associatéd". particle, 2 . ‘ N

::‘Qhe pbolibilitycexiats, houever,othat ahortly after a. heterologous ‘
challenggJ,an anaznestic-like Tesponse similar in character ta the cross-_ L,
- HAI antibodies=demonstrated by Czsals® was 1nvoked ip {mmunizeéd animals. ., -~ =~ .
fé?- For example, as méntioned above, BEE virus disease appéh:ed\to have»becn‘~ o
e, initiated succeaafully in°guinea pigs immunized with 9¢;. but the® disease -
‘*7 7" was terminated soon” after the first temperature elevation. Tha later
ST 0 ‘_° second temperature . elevntton that usually“followed in th; unimnunized o .
v _animals was absent: - This cou‘d indicate that 9t may hnve innunized the Lo Lk
- Lﬁniuals so that their antikcdy producing cells"nay “travé becoms ‘pre~ .o c ° o ”é%
et "conditiqned"~in such & manner as to produce rapidly ERE viiua‘antibodym o
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